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PREFACE

The 3rd FIRST 2019 (Forum in Research, Science, and Technology) International
Conference was initiated and organized by State Polytechnic of Sriwijaya in collaboration
with Management and Science, University (MSU), Malaysia and National Chin-Yi
University of Technology, Taiwan. The theme of the conference was “Integration of
Advanced Technology to Enhance Social Welfare”. The 3rd FIRST 2019 International
Conference facilitated the participants from all over the world to meet face to face to open
chances in establishing connection and collaboration among them. It was not only for the
researchers in academics, but also in industries and governments. This conference became
an effective media to link the researchers from many parts of the world conference, for
exchanging, sharing, following up and discussing the results of the latest research,
industry’s needs, and government regulatory policies. The 3rd FIRST 2019 International
Conference became worthwhile platform for researchers to present their finding in the
areas on multidisciplinary of Engineering and Science (Track 1), Computer Science and
ICT (Track 2), and Social Science (Track 3). It has also provided an opportunity for the
professionals and researchers to learn and share about the latest development and research
in those 3 tracks. '

The 3rd FIRST 2019 International Conference attracted so many authors not only
from Indonesia but also from other countries, such as Japan, Taiwan, and Malaysia. There
were 180 papers were accepted in the 3rd FIRST 2019 International Conference, including
89 papers for Track 1 (Engineering and Science), 46 papers for Track 2 (Computer Science
and ICT), and 45 papers for Track 3 (Social Science). In The 3rd FIRST 2019 International
Conference, there were 4 keynote speakers and 2 invited speakers. As the keynote
speakers, there were Prof. Yasushi Kiyoki, Ph. D from KEIO University, Japan, Prof.
Nurul Taufiqu Rochman, M. Eng, Ph. D, From LIPI, Indonesia, Prof. Tjiptohadi
Sawarjuwono, M. Ec., Ph. D., Ak, from Universitas Airlangga, Indonesia, and Prof. Win-
Jet Luo, from National Chin-Yi University of Technology, Taiwan. As the invited
speakers, there were Dr. R. Wisnu Nurcahyo, DVM from Universitas Gadjah Mada,
Indonesia, and Assoc. Prof. Dr. Intan Zaurah binti Mat Darus from Universiti Teknologi,
Malaysia. The 3rd FIRST 2019 International Conference committee would like to say
thank you very much for all the participants and their respected institutions that have
supported for the success of the 3rd FIRST 2019 International Conference, and also forall
of the guess and sponsors of the 3rd FIRST 2019 International Conference.
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ABSTRACT

Biocellulose can be made by fermentation of coconut water by Acetobacter xylinum. Microorganism. Several
developed countries have been starting to research the use of biocellulose as a bio-cellulose that is easily broken down
in the world of plastics or membranes, such as edible films and biocellulose membranes. In this study, the biocellulose
produced from fermenting at room temperature for 15 days using nutrient-enriched coconut water was converted into
cellulose membranes. The treatments in the fermentation process were variations of sugar (10%, 11%, 12%),
variations in nitrogen sources using ammonium sulfate (0.3%, 0.4%, 0.5%) and variations in mineral sources using
MgSO4 (0.10 %, 0.11%, 0.12%). The optimum results obtained in the experimental volume of 1 liter were in the
condition of 12% sugar media, 0.5% ammonium sulfate and 0.12% MgSO4 where the biocellulose results had a
thickness of 1.7 cm, 63.50% yield and 4.41 fiber content. %. Conversion of biocellulose into a biocellulose membrane
through pressing and drying The test results of the biocellulose membrane had a rejection coefficient of 63.24% and a
flux value of 15.28 It.m=2.hr!

Key words: coconut water, biocellulose, membrane, fermentation, Acetobacter Xylinum

1. INTRODUCTION

Natural ~disasters, especially floods and
landslides that often occur in Indonesia, are alleged to
be one of the negative impacts of sporadic, enormous
and continuous deforestation. In order to avoid a wider
and more severe disaster, the Government is currently
limiting deforestation.

One of the products from forest products is
cellulose. With forest logging restrictions, natural
cellulose production from wood will also be limited. For
this reason, one way to meet the needs of cellulose is by
using bioprocess technology that utilizes microbes to
produce cellulose, known as bacterial cellulose.

On the other hand, Indonesia is one of the most
coconut producing countries because the soil and
climate are suitable for this versatile crop, especially in
coastal areas and coastal lands or swamps. None of the

parts of the coconut are useless, including coconut
water. Currently coconut water has not been used
optimally by the community or by industries that use
coconut as raw material. Until now, coconut water is
widely used in the manufacture of nata de coco or
biocellulose which is fermented by Acetobacter
xylinum. The name nata de coco is better known by the
trade name as a complementary food / drink and is
popular in the community.

Coconut  water, with  the help of
microorganisms (bacteria), can be used into various
products such as alcohol, vinegar and nata de coco
because coconut water tastes sweet and contains 4%
minerals, 2% sugar and water (Palungkun, 1993 in
Margaretty, et al. al., 2001).

Coconut water is a very suitable medium for
the growth of various types of microorganisms.
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Therefore, the fermentation process is a stage that
cannot be ruled out. Fermented coconut water will
contain various types of bacteria such as Sacharomyces
and Acetobacter, because fermented coconut water
contains a lot of acid, the bacteria that grows faster and
is more abundant is Acetobacter xylinum.

The composition of coconut water contains a
lot of minerals and vitamins so that it can be used as a
good medium for microbial growth, assisted by the
sugar contained in coconut water, it will easily ferment
into alcohol and acetic acid.

Meanwhile, the name biocellulose is still
foreign to society and seems more scientific.
Biocellulose itself can be defined as cellulose which is
produced through biological processes in the sense that
it uses microorganisms (microorganisms).

Cellulose is a fibrous, clayey, water insoluble
compound found in the protective cell walls of plants.
Cellulose cannot be hydrolyzed by o-amylase. D-
glucose units contained in cellulose cannot be digested
by all higher organisms (Margaretty, E. et al., 2001).

In other words, biocellulose is a cellulose
polymer whose formation is carried out by the
Acetobacter xylinum bacteria from glucose in the media
from water / fruit juice through cooking. So far, the fruit
that has often been used as a medium for the breeding of
Acetobacter xylinum bacteria to produce biocellulose
include coconut water, tofu waste water, pineapple
waste water, guava fruit water, melon water and so on.

A. xylinum can convert about 19% sugar into
cellulose when grown on a medium containing sugar.
The cellulose that is formed in the medium is in the
form of threads which together with the slimy
polysaccharides form a network that continues to
thicken into a cellulose layer. Cellulose forms a lumpy
mass on the surface of the medium. The cell receives
glucose molecules joined by fat to form supports found
in the cell membrane and then comes out with the
enzymes that combine the remaining hexose into fibers.
This fiber formation is seen by the growth of an area on
the surface of the medium. The fat is then reabsorbed by
microorganism cells (Kenneth, 1964 in Haliwat, 1997).

The biopolymer from the pellicle / nata of these
fruits, known as biocellulose, has begun to be noticed by
scientists since it was discovered that this material has
good mechanical properties. In Japan, biocellulose is
made into flexible display materials that are thin, strong,
heat resistant, light weight, and flexible. The materials
are expected to be used as flexible mobile displays, e-
books, e-newspapers, e-posters, and other new products.

Indrarti et al. (1998) have utilized biocellulose
for acoustic membranes as a loud speaker diaphragm,
improved mechanical properties using alkaline (NaOH)
and / or NaClO solutions, and after being tested the
sound velocity has a sound velocity of 4522.67 m / sec
and has Young's modulus of up to 23.5 GPa. From their
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research, they think that the loudspeaker membrane
from biocellulose is more prospective than the
membrane made from cellulose paper. However, it is
not known the stability of the loud speaker diaphragm.

Bacterial cellulose or biocellulose is chemically pure,
free from lignin and hemicellulose, has fine fiber tissue,
its isolation and purification are relatively simple and its
products can be degraded biologically so that it does not
pollute the environment. Alternative uses include raw
materials for high-quality paper production, low-calorie
foods and ultrafiltration membranes.

In recent years researchers have begun to
develop the production of cellulose by bacteria called
microbial cellulose or bacterial cellulose. Bacterial
cellulose is free from contamination of other
polysaccharides, and its isolation and purification does
not require energy or complicated chemical processes.
Matsuoka et al. (1996) suggested that the Acetobacter
xylinum bacteria was able to produce bacterial cellulose
which had unique physical properties, including ultra-
fine fiber networks, high purity and crystallinity, so that
this bacterial cellulose had the prospect of being
developed as raw material for various industries in the
future.

Microbes that are known to produce cellulose are
bacteria of the genus Acetobacter. Cellulose produced
by Acetobacter bacteria is called bacterial cellulose..
These microbes are usually found in ripe fruits which
can be isolated and selected.

In producing cellulose by Acetobacter xylinum,
there are several factors that influence the vyield,
including the degree of acidity, nitrogen source, type of
substrate and substrate concentration. Currently coconut
water is widely used as a fermentation medium for
Acetobacter.

Besides that, the use of synthetic medium is
also developed to avoid dependence on natural media
supplies such as coconut water. One of the known
biocellulose products from coconut water is nata de
coco. However, to produce nata de coco, there is no
need to add minerals, and the nitrogen source and its
products are not dried for consumption.

This research will produce bio-cellulose
(bacterial cellulose) from fermented coconut water and
its modification enriched with a combination of
minerals and nitrogen. Then the product is dried in a
vacuum oven to obtain dry biocellulose such as
membrane bioceluosa. Bioceluose membrane can be
applied in many industries, especially in the filter or
ultra-filtration process. The membrane is a thin, porous
layer that has barrier properties against a material. The
membrane has selective transfer properties, which
means that material that is larger than the pore size of
the membrane will be retained and material with smaller
sizes can pass through the membrane.

The aim of the research was to produce
biocellulose (bacterial cellulose) by means of silent
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fermentation by Acetobacter xylinum in coconut water
and the combination medium with a variety of sugars,
nitrogen and minerals added to the media in order to
obtain  products that meet quality standards.
Furthermore, the biocellulose is processed downstream
into biocellulose membranes and its performance is
tested.

2. RESEARCH METHODOLOGY

2.1. Materials and Tools

The raw materials used were the microbe
Acetobacter xylinum, nata seed liquid, coconut water.
The chemicals used are buffer solutions of sodium
phosphate, glucose, bakto-peptone, yeast extract,
Na2PO4, citric acid, glacial acetic acid, dimethyl
formamid, nystatin and griseofulvin, sugar, glucose,
HCI solution, NaOH solution, ethanol, distilled water,
tap water, cotton, paper, tissue, label paper, aluminum
foil and heat-resistant plastic.

The tools used are measuring cups, beakers,
pipettes, Erlenmeyer flasks, knives, test tubes, test tube
racks, digital scales, Ose needles, magnetic stirrers,
Bunsen burners, Petri dishes, autoclaves, refrigerators,
thermometers, spectrophotometers (UVI [/ VIS),
incubator, microscope, pH-meter, tray / tray, sugar
analyzer, bottles.

2.2. Experimental design

The experimental design in this study were: 1)
Experiment with coconut water media and various
sugars (8, 10%, 12%), 2). Variation of nitrogen (ZA):
0.3%, 0.4%, 0.5%, and 3). MgSO4 mineral variation
(0.10%, 0.11%, 0.12%).

2.3. Biocellulose production

The medium used for the production of
bacterial cellulose was the selected medium from the
research stage in H.2.2. The fermentation that is carried
out is static fermentation. One full loop of bacterial cell
colonies was inoculated on 100 ml of selected medium
in 500 ml Erlenmeyer and propagated for 4 days. After
the inoculum is propagated by propagation, a
fermentation process is carried out for the production of
bacterial cellulose.

At the fermentation stage (Figure 3), the
inoculum concentration, the added acid concentration
and the combination of nitrogen sources and mineral
sources were varied, each of 3 levels. After that the
mixture of inoculums was incubated for 7 days at 300C
by means of silent fermentation.

Harvesting is done by taking the cellulose layer
that forms on the surface of the medium. Harvesting is
done by separating the water and the pellicle. The
pellicle is washed in water repeatedly and soaked for a
while until the acid level is very low. The pellicle is
dried in a vacuum oven at 70 oC for several days until
the moisture content stabilizes. Dry pellicle (cellulose
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layer) analysis was performed on dry weight (mass),
moisture content, color, and tear resistance.

The remaining liquid media analyzed were the
residual sugar content, nitrogen and mineral content to
see if the media could be used again.

2.4. Making biocellulose nata membranes from
coconut water

(Widyaningsih, S and Purwati. 2013) The
form of coconut water biocellulose (nata de coco) which
is fermented in the form of a gel is washed with running
water for 24 hours. The gel was washed with 2% NaOH
for 1 hour at a temperature of 80-90 0C. Finally, wash it
again with water until the pH is neutral. The purified gel
was then pressed with a hand-press to obtain the nata de
coco membrane. The membrane / film obtained was
then dried at room temperature (+ 27-30 0C) and a dry
nata de coco membrane was obtained. Membrane
testing is applied to filtering / purifying tap water
(PAM) using a pressure of 2 bar. Furthermore, the flux
value and rejection coefficient are calculated.

2.5. Cellulose biomembrane analysis

The quality of the cellulosic biomembrane was
measured for thickness, yield, fiber content, flux value,
and the rejection coefficient of the membrane.

3. RESULTS AND DISCUSSION

3.1. Effect of sugar levels on the quality of
biocellulose
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Figure 3.1. Effect of sugar levels on the quality of
biocellulose

From the results of silent fermentation for 15
days at room temperature with variations in sugar
content of 8%, 10% and 12%, it was obtained
biocellulose with thickness, fiber content and yield. As
presented in Figure 3.1. It can be seen that the higher the
sugar concentration in the range of 8% -12%, the
parameter values of thickness, fiber content and yield
also increase. Quantitatively, the highest parameter
value was obtained at a sugar concentration of 12%
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where the biocellulose was obtained with a thickness of
1.3 cm, a fiber content of 4.26% and a yield of 55.63%.

When viewed from the trend, the relationship
curve of sugar concentration to the thickness of the
biocellulose, to the fiber content, and to the vyield
respectively shows a linear curve and the overall
confidence level is above 90%. The correlation curve
between sugar concentration and the thickness of the
biocellulose shows the linear equation model Y = 0.35x
+ 0.2 with a confidence level of R2 = 0.9423. The thing
that tends to be the same is that the relationship curve
between sugar concentration and fiber content shows the
linear equation model y = 0.685x + 2.1633 with a
confidence level of R2 = 0.989. Likewise, the correlation
curve between sugar concentration and fiber content
shows the linear equation model y = 11.05x + 22,827
with a confidence level of R2 =0.9971.

3.2. The effect of ammonium sulfate
concentration on the quality of the biocellulose.
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Figure 3.2. The effect of ammonium sulfate
concentration on the quality of the biocellulose
From Figure 3.2, the results of silent

fermentation for 15 days at room temperature with
variations in the concentration of ammonium sulfate
0.3%, 0.4%, and 0.5% obtained biocellulose with
thickness, fiber content and yield. As shown in Figure
3.2. It can be seen that the higher the concentration of
ammonium slfat in the range of 0.3% -0.5%, the
parameter values of thickness, fiber content and yield
also increased. Quantitatively, the highest parameter
value was obtained at the concentration of ammonium
sulfate 0.5% where the biocellulose was obtained with a
thickness of 1.7 cm, a fiber content of 4.36% and
63.50% vyield.

When viewed from the trend (trend), the
correlation curve of the concentration of ammonium
sulfate to the thickness of the biosellulse, shows an
exponential curve shown by the equation model y =
0.5145e0.4325x and the confidence level Rz = 0.9987.
The correlation curve between ammonium sulfate
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concentration and fiber content shows the linear
equation model y = 0.715x + 2.2233 with a confidence
level of R2 = 0.9996. Meanwhile, the relationship
between ammonium sulfate concentration and vyield
shows a logarithmic model with the equation y =
14.049In (x) + 48,679 with a confidence level of R? =
0.9882.

3.3. Effect of magnesium sulfate concentration
on the quality of biocellulose
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Figure 3.3. Effect of magnesium sulfate concentration
on the quality of biocellulose

Figure 3.3 presents the quality of wet
fermentation resulting from silent fermentation for 15
days at room temperature. Based on the experiment,
through variations in the concentration of magnesium
added in the fermentation medium were 0.10%, 0.11%,
and 0.12%, the highest wet biocellulose results were
obtained in the addition of 0.12% MgSO4 concentration
with a thickness of 1.5 cm, fiber content 4.41% and
53.62% yield.

Further detection of the curve of the
relationship between the concentration of magnesium
sulfate and the thickness of the biosellulse, shows a
linear curve shown by the equation model y = 0.4x + 0.3
with a confidence level of Rz = 1. The same is shown by
the curve of the relationship between the concentration
of magneium sulfate and fiber content which is
expressed by linear equation y = 0.78x + 2.1 with a
confidence level of Rz = 0.9956. While the correlation
curve between the concentration of magnesium sulfate
and yield tends to be logarithmic as shown by the
equation model y = 10.644In (x) + 42.706 with a
confidence level of R2 = 0.9676.
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3.4. Test results of three samples of the
biosellulosic membrane

80
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Sample code of biocellulose
membrane

Flux value, Rejection value

Flux Value (L/m2. Jam)

M rejection coefficient (%)

Figure 3.4. Flux value and rejection coefficient of
biocellulose membrane samples

The rejection coefficient (R) is one of the
parameters in determining the membrane performance
where this value indicates the selectivity in escaping
particles. If the particles in the feed solution can be
completely retained, then R will be worth 100%, and if
the feed solution can pass through the membrane freely
then R will be worth 0% (Fauzia, 2018). Thus, it means
that the higher the R value, the better the performance of
the membrane because it can withstand suspensions or
fine particles in the liquid.

Another important parameter in assessing
membrane performance is the flux value where the flux
value shows the permeate speed that can be passed by a
membrane per unit area per unit time.

From the initial experiment, crude
biocellulose was obtained, the downstream process was
carried out including washing, soaking and boiling until
the biocellulose was not acidic or neutral. Furthermore,
the wet biocellulose is pressed (hand press) to reduce
the moisture content. There were 12 samples of
biocellulose which were further processed to be used as
membrane biocellulose. Based on the experiment, there
were three membranes with the best physical quality in
terms of the rejection coefficient (R) and flux values,
namely samples Al, A2, and A3. In fact, the flux and
rejection coefficient values of the three samples were
not significantly different. If examined more deeply, the
membrane sample A2 has better test results where the
flux value is 15.28 (L / m2. Hour) and the rejection
coefficient is 63.24%. If the rejection coefficient (R) of
a membrane is high, the membrane's performance is
categorized as good.
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4, CONCLUSION
4.1. Conclusion

Based on the results of this study it can be
concluded that:

1. Coconut water can increase its added value into
biocellulose by fermentation with the help of
Acetobacter xylinum bacteria at room temperature
and pH range 2-4 by adding sugars, protein and
mineral sources.

2. Biocellulose can be processed downstream and then
processed downstream to become membrane
biocellulose.

3. In this study, the best wet biocellulose was obtained
in 1000 ml coconut water media enriched with 12%
sugar, 0.5% ammonium sulfate and 0.12%
magnesium sulfate where the physical quality of the
biocellulose obtained was 1.7 cm thick, yield
63.50% and 4.41% fiber content.

into biocellulose
room

4. Conversion of biocellulose
membrane by pressing and drying at
temperature for 14 days.

5. The test results of the biocellulose membrane which
were applied in filtering / purifying tap water (PAM)
using a pressure of 2 bar, had a rejection coefficient
of 63.24% and a flux value of 15.28 It.m-2.hr-1.

4.2. Suggestion

In order to obtain higher quality biocellulose
and membrane biocellulose, both physically and
chemically, it is recommended that further research be
carried out as follows:

1. Variation in pH, nitrogen source, type of mineral and
its composition in the enriched coconut water
medium at stationary fermentation at the stage of
making biocellulose.

2. Various methods of conversion of biocellulose to
membrane biocellulose

3. Addition of tested parameters to determine the quality
of biocellulose and membrane biocellulose
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